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Overview

1. AMR and NGS crash course
2. NGS tools for AMR detection

3. Examples and challenges in relation to NGS/AMR




Resistance to Antimicrobial Agents
From genotype to phenotype

e Resistance mechanisms

— Some bacteria are naturally (intrinsic) resistant
 Lack/inaccessibility of target for antimicrobial agent
* Chromosomal resistance gene

Multi-drug pumps

Biofilm production

And much more.....

— Acquired resistance
* Mutations of chromosomal genes/targets
* Acquisition of resistance genes e.g. on plasmids or transposons

Additional challenge: Genes may not be well expressed. E




Known gene/mutation = predicted phenotype

Known knowns, Known unknowns and unknown unknowns*

“Known knows”

- published and well-characterized AMR gene sequences or mutations
CTX-M-15 - beta-lactamase with extended spectrum = CTXR (CAZR, MEROS.))

“Known unknowns”

- gene variants of known AMR gene sequences

TEM-345 - beta-lactamase unknown spectrum - CTX? (CAZ?, MERO?..)

“Unknown unknowns”

- new threats emerging e.g. from the environment

Mcr-1 - Phospho-ethanolamine transferase - Reduced susceptibility to colistin

* Credit for the “known knowns,” “known unknowns,” and “unknown unknowns” perspective on the AMR crisis is given to Dr.
Gerard D. Wright of McMaster University’s Michael G. De Groote Institute for Infectious Disease Research. The original
guote is attributed to former United States Secretary of Defense Donald Rumsfeld.




Define why you want NGS!

What is the purpose for using NGS in relation to AMR?

e To predict phenotypes based on genotypes?

* To support bacterial typing data?
* To perform AMR surveillance (local, national or global)?

 To publish...?




Workflow with NGS at the clinical laboratory

1 day 12-18 hours (4-7 days)
\ N/ \ :
\ 1/ ‘|

' Media for Incubation | Identification, susceptibility testing and typing

culturing
¥
'S Comparison to global
| =
g A databases
s Aerobic N
n Different e
2 | | sametes ity
<] Identification
= BlOOd . DNA - .
o : Anaerobic e _..__ 1Sequencing Clonality
o) Urine purification -
o Resistance genes
o] Wound —
'?‘f Respiratory i irulence genes |
Faeces aerophilic

Local and global repositories

\_ /

How do | do that in my laboratory?




Become a bioinformatician!

Chrl 3395973 rs143478237 ACC A 83 PASS DB;DP=9;HP=5;NF=3;NF5=3; H =0; =] ¥ =] : =) GT:60Q 1/1:9
Chri 3545175 rs147637374 GTTCTGGGAGCTCCTCCCCC G 141 PASS 7 H ;NF=2;NF5=5;NR=5;NRS=13; VCQ=SPLICE_SITE:3PRIME_UTR; VCQNC=UPSTREAM; VGN=TPRG1L GT:GO 8/1:99
Ingos-MacBook-Pro:NLIS3_4 ih$ sed 58q 2.vcf
##fileformat=VCFvd.1
##ALT=<ID=DEL,Description="Deletion">
##FILTER=<ID=fr@, Descrlptmn "Non—ref al‘lele is not covered by at least one read on both strands"=>
##FILTER=<ID=hpl@& ™ iB.ofomanse hanann, 1-mer length was longer than 18">
##FILTER=<ID=q2"
##FILTER=<ID=w\ ad higher likelihood"=
##FORMAT=<ID=G( enotype quality"s
##FORMAT=<ID=G1 notype">
##INFO=<ID=DB,} Membership">
##INFO=<ID=DP,b al number of reads in haplotype window"s
##INFO=<ID=HP,} erence homopolymer tract length"s>
##INFO=<ID=NF,} ber of reads covering nmon-ref variant on forward strand“s
##INFO=<ID=NFS, * reads covering non-ref variant site on forward strand">
##INFO=<ID=NR,} ads covering non-ref variant on reverse strand“s
##INFO=<ID=NRS, ads covering non-ref variant site on reverse strand">
##VariantAnnotat. [1 sample_metadata=[] read_buffer_size=null phone_home=STANDARD read_filter=[] intervals=null excludeIntervals=null reference_sequence=/lustre
/scratchl@3/ensembl/ces/ re/scratchl@l/ensembl/ces/NEW//mapping_live/output/27299/27299_Vant1_603939.vcf, /lustre/scratchl@3/ensembl/ces/data/snps/dbSNP/dbsnpl34_20118
B16_SureSelect_All_Exon_ :kName=null BTI_merge_rule=UNION nonDeterministicRar false 1wll downsampling_type=null downsample_to_fraction=null downsample_to_c
overage=null bag=0FF bagq 1 useOriginalQualities=false defaultBaseQualities=-1 wvalidation_strictness=SILENT unsafe=null num_threads=1 interval_merging=ALL read_group_bl
ack_list=null processing’ ifalse processingTrackerStatusFile=null processingTrackerID=-1 allow_intervals_with_unindexed_bam=false disable_experimental_low_memory_shardin
g=false logging_level=ERl g-broadinstitute.sting.gatk.io.stubs.VCFWriterStub NO_HEADER=org.broadinstitute.sting.gatk.io.stubs.VCFWriterStub sites_only=org.broadinstitut
e.sting.gatk. io.stubs.VC =[] group=[] expression=[] useAllAnnotations=false list=false assume_single_sample_reads=null vcfContainsOnlyIndels=false"
##reference=/lustre/scra ~c-o =3, fasta
##source=Dindel
##INFO=<ID=VCONC,Number=1, (from ensembl VEP) — non coding genes (if available and only transcripts without a translation are included). Highest splice consequ
ence : (if applicable), followed b
##INFO=<ID=VPI,Number=1, Type=Strin >l VEP) associated with the most severe consequence in the VCQ field (if applicable). Note one is selected.">
##INFO=<ID=Condel,Number=1, Type=St 1 consensus (from ensembl VEP) for the most severe consequence in the VCQ field (if applicable).">
##INFO=<ID=VGN ,Number=1, Type=Strin L VEP) associated with the most severe conseguence in the VCQ field."=
##INFO=<ID=VAA,Number=1, Type=Strin nbl VEP) associated with the most severe consequence in the VCQ field (if applicable).">
##INFO=<ID=PolyPhen,Number=1, Type= »n (from ensembl VEP) for the most severe consequence in the VCQ field (if applicable)."=
##INFO=<ID=VCQ,Number=1, Type=Strin from ensembl VEP) - ceding genes (if available and only transcripts with a translation are included). Highest splice conseguence : (i
f applicable), followed by most se
##INFO=<ID=SIFT,Number=1, Type=Stri. P) for the most severe consequence in the CQ field (if applicable)."=
##INFO=<ID=VPP,Number=1, Type=String, ald (from ensembl VEP) associated with the most severe conseguence im the VCQ field (if applicable)."=>
POS In REF ALT
B66511 rs146519568 ; R=1;NRS=7; VCQ=INTRONIC; VGN=SAMD11 GT:GQ 8/1:13
B7495@ rs149166389 iNF5=8;NR=4;NR5=4 ; VCQ=INTRONIC; VCQNC=UPSTREAM; VGN=SAMD11 GT:GO 1/1:21
997763 . G H VCQ FRAHESHIFT CODING; VCQNC=UPSTREAM;VGN=PLEKHN1;VPI-ENSP2@0R0368719;VPP=373 GT:GQ 8/1:1
94BB46 rs3841266 H NRS5=1;VCO=5PRIME_UTR; VCQNC=UPSTREAM; YGN=I5G15 GT:GQ 1/1:75
957967 rs141489152 H H H H VCQ=INTROMNIC ; VGN=AGRN GT:GQ 1/1:28
978549 rs56801364 L =77 r L 7 VCQ=INTRONIC; VCONC=INTRONIC ; VGN=AGRN GT:60 1/1:11
978603 rs146114193 NTRONIC; VCONC=UPSTREAM; VGN=AGRN GT:GQ 8/1:91
984171 rs14@904842 =INTRONIC;VCQNC=WITHIN_NON_CODING_GENE;VGN=AGRN GT:GQ 8/1:7
999041 rs144946318 JC=INTRONIC GT:60 1/1:5
1158534 rs59317488 NTRONIC; VCONC=UPSTREAM; VGN=5DF4 GT:G0 es1:99
1158562 rs139833693 A =INTRONIC ; VCONC=UPSTREAM; VGN=SDF4 GT:60Q 8/1:99
1276973 rs145370195 J=INTRONIC; VCONC=DOWNSTREAM; VGN=DVL1 GT:60 1/1:6
1289367 rs14@777846 JCO=INTRONIC; VCONC=INTRONIC ; VGN=MXRAB GT:GQ 1/1:72
1323143 rs147796538 J=INTRONIC;VCONC=INTRONIC;VGN=CCNL2 GT:60Q 1/1:30@
1325493 . ca 2; VCOQNC=INTRONIC; VGN=CCNL2 GT:GQ 1/1:16
1588744 rs79724854 i VCQ=DOWNSTREAM; VCONC=INTRONIC; VGN=5LC35E2B GT:GO @/1:99
1633003 . C 7 VCONC=INTRONIC; VGN=CDK11A GT:GQ 1/1:15
1647649 rs78937178 N} #VCO=INTRONIC; VCQNC=INTRONIC ; VGN=CDK11A GT:60 1/1:29
1647893 rs144636354 PASS DB;DP=236;HP=3 ;NF=1;NF5=3 ;NR=38 ;NRS=33 ; VAA=R/KER ; VCQ=NON_SYNONYMOUS_CODING; VCONC=WITHIN_NON_CODING_GENE; VGN=CDK11A; VPI=ENSP20808422149;VPP=1
GT:GQ @/1:99
1647968 rs146287119 q2@ I]ﬂ;l]P:llS'HF: ; ; =5;NRS=32 ; VCO=! ; = VGN= GT:GQ  @/1:7
1650639 . CCa DP=124; HP=] H NTRONIC; VCQNC=INTRONIC;VGN=CDK11A GT:GQ @/1:35
1653332 rs34272957 q2e ;NF5=8;NR=1;NRS=1; VCQ=INTRONIC; VCONC=INTRONIC;VGN=CDK11A GT:60Q 1/1:4
Ingos-MacBook-Pro:NLIS3_4 ih$




Introduction & Background

NGS data analysis — Bioinformatics

@A

Mac OS X  Linux




Mandatory readings

Edwards and Holt Micrabial informatics and Experimentation 2013, 3:2
hittpyfwwe.microbialinformatics]. com/content/3/1/2
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REVIEW Open Access

Beginner’s guide to comparative bacterial

genome analysis using next-generation sequence

data

David J Fdwards'? and Kathryn E Holt"
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Pathogen Genomics
Into Practice

July 2015
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NGS Crash course
in relation to AMR
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Reference vs. de novo assembly

Reference assembly (mapping)

Known genome




De novo assembly

\ = =

Gene detection: BLAST alignment towards curated gene database

De nowHssEMBLy Sequence scanning towards curated mutation database
el — Draft genome




Pitfalls for de novo detection of AMR

AMR genel AMRgene2 AMR gene3

EEEEs) D) EEEEE)  Datebase

100% length

—>

<100% length

- =)

False negative results

ne =

De novo assembly requires high depth of coverage to ensure high sensitivity

...and is therefore less sensitive to traces of contaminating DNA




Pitfalls for de novo detection of AMR

AMR gene 1la AMR genelb AMR gene 1c

IEEES) EEE) EEENE)  Database

JN%ID 99.6% ID 99.6% ID
? ? ?

—>

Can we be sure that a gene <100% identical to the published
genes has the same phenotype?

ACC(6’)-Ib - aminoglycoside resistance
#2 nt <

ACC(6’)-Ib-cr - aminoglycoside + low-level fluoroquinolone resistance




Pitfalls for detection of AMR by mapping

AMR genel AMRgene2 AMR gene3

EEmEs) D) EEEEE) Database

100% length

Mapping increases sensitivity for detecting AMR genes

...including traces of contaminating DNA

Important note: Make sure your NGS data has sufficient
quantity and quality before you start working with them!
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How to choose the appropriate tool?

1. Platform
> UNIX?
» Windows?
> MAC?
» Web-based?

2. Database
» Curated (and updated?) or home-brew database?
» Genes (all/transferable)?
» Mutations?
» Species specific?

3. Detection method
» Mapping versus de novo?

» Specific or general tools?

Important note: Validate your tools (pipelines) with a well-
characterized data set before you implement it in your daily work! E




Mandatory readings

Clinical Microbiology and Infection 23 (2017) 2—-22

Contents lists available at ScienceDirect c M I
. . . : . CLINICAL
Clinical Microbiology and Infection NICROBIOLOGY
|

journal homepage: www.clinicalmicrobiologyandinfection.com HEESCMID =

Review

The role of whole genome sequencing in antimicrobial susceptibility
testing of bacteria: report from the EUCAST Subcommittee

M.J. Ellington "', O. Ekelund * ', FM. Aarestrup °, R. Canton *, M. Doumith ', C. Giske °,
H. Grundman °, H. Hasman ’, M.T.G. Holden °, K.L. Hopkins ', J. Iredell ?, G. Kahlmeter ?,
C.U. Koser '°, A. MacGowan "', D. Mevius '>"*, M. Mulvey "%, T. Naas '°, T. Peto '°,

J.-M. Rolain "/, @. Samuelsen ¢, N. Woodford "~




Mandatory readings

Mlcrob1010
Spectru m’ c

ety for Microbiology Pre

Molecular Methods for Detection

of Antimicrobial Resistance
MUNA F. ANJUM,* EA ZANKARI 2 and HENRIK HASMAN?23

'Department of Bacteriology, Animal and Plant Health Agency, Surrey, United Kingdom;
2National Food Institute, Technical University of Denmark, Lyngby, Denmark; *Reference Laboratory for

Antimicrobial Resistance and Staphylococci, Staten Serum Institut, Copenhagen, Denmark




Mandatory readings

ANNALS OF THE NEW YORK ACADEMY OF SCIENCES

lssue: Antimicrobial Therapeutics Reviews

Antimicrobial resistance surveillance in the genomic age

Andrew G. McArthur and Kara K. Tsang

M. G. DeGroote Institute for Infectious Disease Research, Department of Biochemistry and Biomedical Sciences, DeGroote
School of Medicine, McMaster University, Hamilton, Canada

Address for correspondence: Andrew G. McArthur, M. G. DeGroote Institute for Infectious Disease Research, Department of
Biochemistry and Biomedical Sciences, DeGroote School of Medicine, McMaster University, 1280 Main Street West, Hamilton,
Ontario, Canada L8S 4K1. mearthua@mcmaster.ca

Important note: Remember to also read carefully the specific
literature describing any tool you wish to use for detection of AMR




Overview - Databases

AMR bicinformatics

ARG-ANNOT
CARD
NCBI Bacterial AMR Reference Gene Database
PATRIC
ResFinder (acquired AMR genes)
SARG
ABRESFinder ARGO
BLAD BacMet
LacED MUBII-TB-TB RAC
Lahey Clinic list of -lactamases u-CARE MvirDB
Lahey Clinic gnr gene nomenclature list TBDReaM Resfams
NCBI Beta-Lactamase Alleles RED-DB
Pasteur Institute Tetracycline and MLS nomenclature database

McArthur and Tsang, Ann. N. Y. Acad. Sci, 2017.




Overview - Tools

McArthur & Tsang AMR surveillance in the genomic age

L AMR biginformatics

Data sharing
ResFinder @ Myk Cbis T:;u -
ABRicae RN wﬂﬂw
— PATRIC-RAST
@ SRST? PhyResSe
et TB profiler o )
Antibiotic Resistance Ontology
Infectious Disease Ontology
: PATRIC-RAST
Genomic Epidemiclogy Ontology Resfams hidden Markov models
ARG-ANNOT
RGI
SSTAR
@ ResFinder 3.0

McArthur and Tsang, Ann. N. Y. Acad. Sci, 2017.



Pathogen specific tools

PREDICTOR

PREDICTOR

—rsone
PFE?'FTOR VIEW ALL VIRULENCE  EVIDENCE Pt

The Mykrobe predictor is
designed for use by
microbiologists and doctors,
providing information needed in
order to choose the best
treatment. It analyses the whole
genome of a bacterial sample, all
within a couple of minutes, and
predicts which drugs the infection
is resistant to. No expertise is
needed to run or interpret it, and
it works on a standard desktop or
laptop.

© SUSCEPTIBLE A RESISTANY

MRSA 8B

TECHNICAL SPECS

MYKROBE
’ . PREDICTOR 31‘:11:v‘c1;.1 '-.\t.;n:l?'--.':. Mac L?.‘E { J.m? Lx.:_u_\:.

0Mb of RAM, takes between 40 seconds a
minutes to run.

data as

Sequencing: Supports Illumina sequencing




CARD website

The Comprehensive Antibiotic Resistance Database

A bicinformatic database of resistance genes, their products and associated phenotypes.

3821 Ontology Terms, 2388 Reference Sequences, 1046 SNPs, 2394 Publications, 2420 AMR Detection Models

Browse

The CARD is a rigorously curated collection
of known resistance determinants and
associated antibiotics, organized by the
Antibiotic Resistance Ontology (ARO) and
AMR gene detection models.

Prevalence

A new computer-generated data set on the
prevalence of AMR genes and variants
among the sequenced genomes, plasmids,
and whole-genome shotgun assemblies
available at NCBI for clinically important
pathogens.

Analyz

The CARD includes tools for analysis of
molecular sequences, including BLAST and
the Resistance Gene Identifier (RGI)
software for prediction of resistome based
on homology and SNP models.

Timeline

& Joseph Nesme Retweeted
CARD Developers
@arpcard

#card_release CARD 1.2.1: MCR-1.2, beta-lactamases,
APHs + Prevalence 1.0.2 data set based on August 2017
genomes card.mcmaster.calhome

VI oct 13, 2017

https://card.mcmaster.ca/

Download

CARD data can be downloaded in a number
of formats. RGI software is available as a
command-line tool. View changes in CARD
curation. CARD is updated monthly.




CARD website

Analyze

Single gene upload
BLAST RGI

Draft genome upload

Perform standard BLAST searches against the CARD reference sequences. Use the Resistance Gene Identifier to predict resistome(s) from protein or
Results are annotated with extra information from the CARD. nucleotide data based on homology and SNP models. Now supporting bulk
analyses.

Visualize external RGI json results

RGI

RGI Bulk Analysis: Do you want to use RGI to analyze a large number of genomes? It is now available as a downloadable command-line tool in the Download section of the CARD website.

RGI 3.2.1: Open Reading Frame (ORF) prediction using Prodigal, homolog detection using Diamond, and Strict significance based on CARD curated bitscore cut-offs.

The CARD includes a curated collection of antimicrobial resistance gene and mutation sequences, bicinformatics models for their detection, and software in the form of the Resistance Gene
Identifier (RGI) for their detection in genome or protein sequences. It includes a common framework for the sharing of antimicrobial resistance data in the form of the novel Antibiotic Resistance
Ontology (ARQ), allowing the RGI to catalog resistome predictions by both drug class and resistance mechanism.

The RGI provides a preliminary annotation of your DNA or protein sequence(s), based upon the data available in CARD. The RGI currently only analyzes protein sequences - if genome sequences or
assembly contigs are submitted, the RGI first predicts open reading frames using the Prodigal software (ignoring those less than 30 bp) and analyzes the predicted protein sequences. The RGI
currently supports two detection model types - protein homolog maodels (use of sequence similarity cut-offs to detection functional homologs of AMR genes) and protein variant models (for accurate
differentiation between susceptible intrinsic genes and intrinsic genes that have acquired mutations conferring AMR, based on curated SNP matrices).

Disclaimer: As the CARD curation evolves, the results of the RGI evolve. RGI targets, reference sequences, and significance cut-offs are under constant curation.

The RGI analyzes sequences under three paradigms - Perfect, Strict, and Loose (a.k.a. Discovery). The Perfect algorithm is most often applied to clinical surveillance as it detects perfect matches to
the curated reference sequences and mutations in the CARD. In contrast, the Strict algorithm detects previously unknown variants of known AMR genes, including secondary screen for key
mutations, using detection models with curated similarity cut-offs to ensure the detected variant is likely a functional AMR gene. The Loose algorithm works outside of the detection model
cut-offs to provide detection of new, emergent threats and more distant homologs of AMR genes, but will also catalog homologous sequences and spurious partial hits that may
not have a role in AMR. Combined with phenotypic screening, the Loose algorithm allows researchers to hone in on new AMR genes.

New: The online RGI now caches results for each session for 7 days, allowing you to work on multiple data sets using the web interface.




CARD website

Resistance Gene ldentifier (RGI) Results

Locse hits of @-10 or better can be visualized in the "View by Functional Categories™ display. Loose hits are not shown in the "View by Gene" display.

Filename Date (UTC) Criteria Visualize All Results (JSON) Tab-delimited Summary FASTA Format Heat Map PDF

Strain1_contigs.fasta January 12, 2018 09:24:22 Perfect, Strict View by Gene HView by Functional Categories Duwn\uadl Download Download Download




[Perfect]

Name

ARO Accession

ARO Category

bit score

E-value

Percentage Identity (of matching region)
Percentage Identity (of matching region)
Model type

Model Cut-off

Source

label

id

Start

End

Strand

Predicted Sequence

CARD website

Value

2000589

determinant of beta-lactam resistance,antibiotic inactivation enzyme

544.3

2.9e-156

100%

100%

protein homolog model

500

Strain1_NODE_33_length_11874_bpcov_18.9_2
Strain1_MNODE_33_length_11874_bpcov_18.9_2#626#14382-11D=33_2;partial=00;start_type=ATG;rbs_motif=AGGA;rbs_spacer=5-10bp;gc_cont=0.614

gnl|BL_ORD_ID|214|hsp_num:0

MELPNIMHPVAKLSTALAAALMLSGCMPGEIRPTIGQQMETGDQRFGDLVFRQLAPNVIQ
HTSYLDMPGFGAVASHGLIVRDGGRVLVVDTAWTDDQTAQILMWIKQEINLPVALAVVTH
AHQDKMGGMDALHAAGIATYANALSNQLAPQEGMVAAQHSLT FAANGWVEPATAPNFGPL
KVFYPGPGHTSDNITVGIDGTDIAFGGCLIKDSKAKSLGHLGDADTEHYAASARAFGALF

PKASMIVMSHSAPDSRAATTHTARMADKLR

CARD Sequence

MELPNIMHPVAKLSTALAAALMLSGCMPGEIRPTIGQQMETGDQRFGDLVFRQLAPNVIWG
HTSYLDMPGFGAVASHGLIVRDGGRVLVVDTAWTODQTAQILMWIKQEINLPVALAVVTH
AHQDKMGGMDALHAAGTATYANAL SNQLAPQEGMVAAQHSLT FAANGHVEPATAPNFGPL
KVFYPGPGHTSDNITVGIDGTDIAFGGCLIKDSKAKSLGHNLGDADTEHYAASARAFGALF

PKASMIVMSHSAPDSRAATTHTARMADKLR




Example — ResFinder

Center for Genomic Epidemiology

Services

Instructions Output Overview of genes Arlicle abstract

ResFinder 3.0

ResFinder identifies acquired antimicrobial resistance genes and/or find chromosomal mutations in total or partial sequenced isolates

of bacteria.

‘iew the version history of this server.

The database is curated by?\'
Valeria Bortolaia
{click 1o contac)

o

-

\_

Chromosomal point mutations

Resistance caused by mutations
Select species

| Salmonella

r

Show unknown mutations

Show only known mutations
Show all mutations, known and unknown

3

Acquired antimicrobial resistance genes

Select Antimicrobial configuration
Seboct mullipie fems, with Cir-Click {or Cmd-Ccl on Mac) -

oy defaui 3l databases ane selacied

Aminoglycoside
Beta-lactam
Colistin
Fluoroquinolone

Fosformycin
Fusidie Acid

Draft genome of S. Typhi TY_5359

Select threshold for %ID

(CIPS and ESBL producing)

[ 80 %

Select minimum length

| &0 %

https://cge.cbs.dtu.dk/services/ResFinder/




Center for Genomic Epidemiology

Services Instructions Output Overview of genes Article abstract

ResFinder-3.0 Server - Results

Input Files: Straini.fsa

| Show Point mutation results

Chromosomal point mutations - Results

Species: salmonella

-

=
=3
:
=
c
&
=
=
1]
B gl

235




BLAST to ResFinder database (assemblies)

P ammen |

Center for Genomic Epidemiology -

Services Instructions Output Overview of genes Article abstract

ResFinder 3.0

ResFinder idenfifies acquired anfimicrobial resistance genes and/or find chromoesomal mutations in total or partial sequenced isolates of
bacteria. The database is curated by:
Valeria Bortolaia
(elick to contact)

View the version history of this server.

Chromosomal point mutations

@red antimicrobial resistance genes \

Select Antimicrobial configuration

Sedect multipls items, with Ctd-Click {or Cmd-Click on Mac) - by default 3ll datsbases are selected
Aminoglycoside -~

Beta-lactam

Colistin

Flugoroguinalens

Fosfomycin

Fusidic Acid -

Select threshold for %10
|90 % v |

Select minimum length

60 % v j

Select type of your reads
Aszembled Genome/Contigs* ¥

If you get an “Access forbidden. Error 403" Make sure the start of the web adress is htips and not just htip. Foxit by chicking hers

k3 Izalate File
Name Size Progress Status
Strain1.fsa 512 MB

@ Upiead Draft genome of S. Typhi TY_ 5359
(CIPS and ESBL producing)




icrobial resistance gene - Results

Aminoglycoside

wyHSP| _ Contig  [Posifionincontig| Phenotype | Accession no.|

Colistin

Fluoroguinolone
Fosfomycin
Fusidic Acid
Glycopeptide
ML § - Macrolide, Lincosamide and Streptogramin B
Nitroimidazole

Oxazolidinone

Sulphonamide

Tetracycline
| Resistance gene | identity | QueryisP | conig [ Ppositionincontig| ___ Phenotype | Accession no. |

Trimethoprim
| Resistance gene | identity [QueryHSP|  Contig | Positionincontig| ___ Phenotype | Accession no. |

dirA18 99.52 570¢5T0 S_Typhi_TY_5359_R1_(paired)_contig_64 47415310 Trimethoprim resistance AJI0TTS




UNIX tools — SRST2

Installation

1 - Install dependencies

« python (v2.7.5)

= scipy http://www.scipy.org/install.html

= bowtie2 v2.1.0 http://bowtie-bio.sourceforge.net/bowtie2/index.shtmil

= SAMtools v0.1.18 https://sourceforge.net/projects/samtools/files/samtools/0.1.18/ (NOTE 0.1.19 DOES NOT WORK)

N.B. If you have multiple versions of samtools or bowtie2 installed, you can pick which one srst2 or slurm_srst2 should use
by setting the following environment variables.

* SRST2_SAMTOOLS
* SRST2_BOWTIE2

* SRST2_BOWTIE2_BUILD

If these aren't set or are missing, they will default to looking in your PATH for samtools, bowtie2 and bowtie2-build . The
exception is SRST2_BOWTIE2 BUILD which, if it is not set or missing, will try adding -build to SRST2_BOwTIE2 if it exists,
otherwise it defaults to looking in your PATH

2 - Get and install the code

Make sure you have installed git and pip.

Clone the git repository: git clone https://github.com/katholt/srst2
and then install with pip: pip install srst2/

OR do both at once: sudo pip install git+https://github.com/katholt/srst2

3 - Test that the programs are installed properly

srst2 --version

getmlst.py -h i
slurm_srst2.py -h
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ResFinder SRST2 KmerResistance (=KMA)
BLASTN Mapping by Bowtie2 Mapping by kmers
De novo assembled data Raw sequencing reads Raw sequencing reads

Comprehensive gene db Reduced db (80% clusters) Mapping to ResFinder db




Materials & Methods

e Two datasets
— Raw NGS data

— Phenotypic susceptibility test (MIC)

 Full dataset

 Down-sampled dataset
— 1% of original reads

DATASET DK UK
No. isolates
196 143
Bacterial species
-Salmonella Typhimurium -E. coli

-E. coli
-E. faecalis
-E. faecium
Host
Pigs

-K. pneumoniae

Human




Results

Dataset Method SMC*
UK — full set
SRST2 95.92%
ResFinder 96.04%
KmerResistance 96.04%
DK — full set
SRST2 97.57%
ResFinder 97.76%
KmerResistance 99.61%
UK - downsampled
SRST2 73.43%
ResFinder 71.33%
KmerResistance 95.34%
DK - downsampled
SRST?2 90.47%
ResFinder 88.43%
KmerResistance 99.38%

SMC,; simple matching coefficient

* SMC = Simple matching coefficient
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Prediction of Phenotypic
Antimicrobial Resistance Profiles
From Whole Genome Sequences of
Non-typhoidal Salmonella enterica

Saskia Neuert'2, Satheesh Nair?, Martin R. Day?, Michel Doumith?, Philip M. Ashton?,
Kate C. Mellor?4, Claire Jenkins'2, Katie L. Hopkins?, Neil Woodford?,
Elizabeth de Pinna?, Gauri Godbole'? and Timothy J. Dallman’2*

« 3491 Non-typhoidal isolates (227 serovars)

« Availability of both phenotypic data and NGS data

» Fifteen antimicrobials including ciprofloxacin

« Mapping (Bowtie 2) of raw reads to homemade database




TABLE 1 | Comparison of phenotypic antimicrobial susceptibility testing and genome-derived resistance prediction for non-typhoidal Salmonella enterica (n = 3491).

Antimicrobial Phenotype: susceptible Phenotype: resistant Sensitivity (%) Specificity (%)
Genotype: resistant Genotype: susceptible Genotype: resistant Genotype: susceptible
Ampicillin 1 2742 747 1 99.87 99.96
Temocillin 0 3490 0 1 0 10“
Cefoxitin 0 3471 19 1 95.0 100
Cefotaxime 0 3434 57 0 100 100
Ceftazidime 0 3444 47 0 100 100
Cefpirome 0 3444 a7 0 100 100
Ertapenem 0 3481 10 0 100 100
Chloramphenicol 4 3284 201 2 99.01 99.88
Gentamicin 1 3351 138 1 99.28 99.97
Streptomycin 51 2821 613 8 a8.71 98.22
Tobramycin 2 3392 a7 0 100 99.94
Sulphonamides 2 2661 828 0 100 99.92
Tetracycline 6 2568 917 0 100 99.77
N, Trimethoprim 1 3185 301 4 98.69 99.

Ciprofloxacin 1 33562 137 1 99.28 99.97

Values shown designate the number of isolates. For ciprofioxacin only isolates with a MIC = 0.5 mg/L are shown.

Mainly gene based resistance (transferable)

7

g

Both mutation based (chromosomal) and gene based resistance (transferable) ]

From Neuert S. et al, 2018
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Letters to the Editor

Anette M. Hammerum*
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Keywords:
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E-mail address: ama@ssi.dk (A.M. Hammerum)

29 May 2015
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In December 2014, a meropenem-resistant Acinetobacter spp.
was isolated from the abdominal tissue from a 73-year-old male
patient at the Department of Clinical Microbiology at Hvidovre Uni-
versity Hospital (Hvidovre, Denmark). The isolate was identified
as A. pittii by matrix-assisted laser desorption/ionisation time-of-
flight (MALDI-TOF).

The blaypy gene was identified by PCR from the A. pittii iso-
late.
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Isolation
Purification
Sequencing

>

Time is life (and money)

(—-{."

Relatively.. Relatively..

 low price per isolate * expensive

« well-proven technology « experimental technology

* high precision (low error rate) + low precision (high error rate)
* slow « fast

..and no reads in real-time ..and reads available in real-time




lllumina vs ONT MinION data

Genome

llliumina reads _— —
(Short)
(low error rate) —_— — —

llliumina
assembly —

MinION reads

(Long) —
(high error rate)

MinlON assembly

-  Repeat area (rRNA, IS, homologue genes ect..)




A: lllumina assembly

ResFinder-3.0 Server - Results
Input Files: CP020160062.1a

| Show Acquired antimicrobial resistance results |

Acquired antimicrobial resistance gene - Results

Aminoglycoside

Resistance - - Position in Accession

Beta-lactam
Contig




B: MinlON reads

Acquired antimicrobial resistance gene - Results

Beta-lactam
Resistance gene | Identity | Query/HSP Contig Position in contig Accession no.

Error rate around 5-15%....impossible to identify specific genes.




C: MinlON assembly

Acquired antimicrobial resistance gene - Results

Aminoglycoside

| Query/HSP | Contig | Positionincontig | Phenotype | Accession no. |
 837/697 2 183990.184662

804828 2 184666.185471

519488 2 34323.34788

8T 2

1}
Query/HSP__| Contig | _Positionincontig | _____Phenotype ___| _Accession no. |

Colistin

Fluoroquinolone

/ Query/HSP__| _Contig | __Position in contig _| _Phenotype | _Accession no.

Fosfomycin

Fusidic Acid

Error rate around 5-10%....impossible to identify specific genes.

ﬁ
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OPEN Developing an in silico minimum
inhibitory concentration panel test
for Klebsiella pneumoniae

Reveived: 27 Septamaber 2017 Marcus Nguyen’?3, Thomas Brettin®?, S. Wesley Long(»**, James M. Musser**, Randall J.
Accepted: 12 December 2017 Olsen*?, Robert Olson**, Maulik Shukla®®, Rick L. Stevens®*®, Fangfang Xia**, Hyunseung
Published online: 11 January 2018 Yoo?> & James J. Davis*®

« 1668 clinical isolates

« Auvailability of both MIC data and NGS data
« Twenty antimicrobials including ciprofloxacin
« Kmer-based machine learning - no a priori knowledge about genes




Table 1. Accuracies for the entire XGBoost model and for the individual

antibiotics.

Antibiotic Samples | Accuracy®| 95% C.1."
All 32705 0.92 | 0.92,0.92
Amikacin 1667 0.97 | 0.96, 0.98
Ampicillin 1666 1.00 | 0.99, 1.00
Ampicillin/Sulbactam 1664 0.99 | 0.99, 1.00
Aztreonam 1644 0.89 | 0.89,0.90
Cefazolin 1667 0.96 | 0.95, 0.96
Cefepime 1571 0.61 | 0.58, 0.64
Cefoxitin 1645 0.90 | 0.89, 0.91
Ceftazidime 1667 0.92 | 0.91,0.93
Ceftriaxone 1667 0.89 | 0.87,0.90
Cefuroxime sodium 1575 0.99 | 0.99, 1.00
Ciprofloxacin 1664 0.98 | 0.97,0.98
Gentamicin 1667 0.95 | 0.93,0.96
Imipenem 1666 0.94 | 0.93, 0.95
Levotloxacin 1666 0.97 | 0.96, 0.97
Meropenem 1660 0.93 | 0.91,0.95
Nitrofurantoin 895 0.96 | 0.95,0.97
Piperacillin/Tazobactam 1662 0.78 | 0.77,0.79
Tetracycline 1667 0.89 | 0.87,0.90
Tobramycin 1666 0.95 | 0.94, 0.96
Trimethoprim/Sulfamethoxazole 1667 0.95 | 0.94,0.96

* Average accuracy within £1 two-fold dilution factor, based on a 10-fold cross validation.

b 95% confidence interval,




Conclusions

NGS is a wonderful tool to study AMR, but...

)

 “Known knowns” are easier to predict than “Known unknowns’
* Define your need first...then find the best tool(s) to get there
e Read the paper(s) describing the tool(s) you select

e Consider to hire a bioinformatician

Thank you for your
attention

Questions?




